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CHEMICAL PHYSICS. 

Graham-Otto's Ausführliches Lehrbuch der Chemie. 
Dritte, Gänzlich umgearbeitete Auflage. Erster Band. 
Dritte Abtheilung. Beziehungen zwischen physika¬ 
lischen Eigenschaften und chemischer Zusammenset¬ 
zung der Körper, herausgegeben von Dr. H. Landolt. 
Pp. 890 (Braunschweig : Vieweg und Sohn, 1898.) 
HIS work, which has grown out of the comparatively 
small book on Chemical Physics by Dr. W. A. 
Miller, first published in 1855, is now complete. Part 
I.,entitied “Physikalische Lehren,” was edited by Prof. 
Winkelmann, with the concurrence of Prof. Kopp, from 
the previous edition, and was published in 1885. Part II., 
on “ Theoretical Chemistry and Thermo-chemistry,” was 
written by Prof. Horstmann, and was published also in 
1885. Part III., which is now complete, is divided into 
nine chapters, of which the first three were published in 
1893, and are now printed without alteration. 

The editor has secured the assistance of otbers, 
eminent in different branches of Chemical physics, to 
write the various sections of the work ; in this way the 
best information has been obtained, for the subjects are 
all so rapidly increasing in importance, and so many 
investigators are engaged on them, that it is practically 
impossible for one author to produce complete treatises 
on the several matters with which the book deals. 

The first chapter is on the relation between crystalline 
form and Chemical composition, and consists of 350 
pages. This commences with an introduction showing 
the use of crystalline forms for distinguishing substances 
from one another, and the employment of crystallisation 
for the purification of bodies, followed by an account of 
the geometrical properties of crystals. the forms of which 
are well described, although the Student might have 
been assisted by some diagrams ; these, however, may 
be considered unnecessary, as the crystal forms are fully 
illustrated in Part I. of this volume. The physical 
properties of the different Systems are given in the form 
of a table showing the elasticity and cohesion, the 
optical, thermal, electrical and magnetic behaviour, The 
first subject dealt with in the chapter is Polymorphism, 
twelve pages being devoted to its history and discovery ; 
then follows a useful table, occupying twenty-three pages, 
of polymorphous substances, references being given in 
every case to the original papers from which the inform¬ 
ation is obtained : in fact, throughout the book copious 
references to original papers are given in the form of 
foot-notes, and in some chapters the year of the public- 
ation as well as the number of the volume of the 
periodical is stated ; so that the gradual development of 
the subjects may be easily traced. It is to be regretted 
that this is not always done, for the date may be even of 
more importance than the number of the volume of the 
journal. The section on Isomorphism, consisting of 141 
pages, includes an historical sketch of the subject, the 
employment of isomorphism for the determination of 
atomic weights, isomorphous series of elements, of 
which ten groups are given, the molecular volumes of 
isomorphous bodies and their geometrical and physical 
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relations and isomorphous mixtures, The third sectioi» 
is on morphotropy or the change that crystalline form» 
undergo when certain conStituents of Compounds are 
replaced by others : seventy-eight pages are devoted to 
this subject. This is followed by twenty pages of review 
and explanations of the whole subject, and by tbirty 
pages of additions. In the preface the editor teils us 
that this chapter was written by Prof Arzruni in 1892, 
and it was published in 1893, together with the two 
following chapters, as before mentioned. 

The second chapter (consisting of m pages), on the 
relations between the volumes of solid and liquid bodies 
and their Chemical composition, was written by Prof. A. 
Horstmann about 1890. The relations of the volumes of 
gases and of vapours were considered in the second pari 
of this book, so the present chapter deals only with the 
volume relations of solids and liquids. The atomic 
volumes of the elements are first considered, and the 
periodic character of these numbers with increase of 
atomic weight is pointed out, the molecular volumes of 
the oxides are shown to be very irregulär, although 
certain resemblances can be traced in oxides of analogous 
composition, whilst in many isomorphous Compounds 
the molecular volumes are not very different. The 
molecular volumes of salts containing water of crystal¬ 
lisation are discussed, and it is pointed out that all these 
numbers will be affected by the temperature at which the 
specific gravities are determined, so that it is not to be 
expected that a regularity such as obtains in the ease of 
gases will be found. The molecular volumes of isomeric 
organic liquids are next compared, and there is a table 
showing the molecular volumes at o’ and at the boiling 
points, attention being drawn to the variations under 
these circumstances.. Comparisons are made between 
the volumes of the halogen Substitution compounds of 
ethane, of isomeric alcohols and ethers and of the 
isomeric esters of the fatty acids, and lastly the changes 
of volumes which occur during the formation of com¬ 
pounds organic and inorganic. 

The third chapter of thirty-three pages, by Prof. R. 
Pribram, on the relation between internal friction and 
the Chemical composition of liquid substances, was 
written in 1892, and was included in the previous 
publication. After am historical survey of the methods 
employed for determining the internal friction or vis- 
eosity of liquids, it is shown in a table that the viscosity 
of Solutions of salts increases with the basicity of the 
acid, the acids are compared with the corresponding 
salts of ammonium, potassium and sodium, and the 
viscosity of the sodium salts is in all cases the highest. 
The next comparison is between the viscosity of salt 
Solutions and their electric conductivity ; as a rule there 
is a diminution of conductivity for an increase of vis¬ 
cosity ; and a list is given of the viscosities of organic 
acids and their sodium salts and of Solutions of Chlorides, 
sulphates and nitrates of several metals. The chapter 
concludes with a table showing the viscosity constants 
of a number of organic liquids, with remarks on the 
relations existing between them and the composition of 
the componnds. The work of Thorpe and Rodger is of 
more recent date than this chapter, but some reference 
might have been made to it in the reprint. 

The next chapter is by Dr. Willy Marckwald, on the 
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relation between melting points and the composition of 
Chemical compounds. It occupies twenty-seven pages, 
and was begun in 1897. For an account of the periodic 
character of the melting points of the elements, reference 
is made to the second volume of the book, the fusing 
points of compounds only being dealt with in this chapter. 
A few examples of the fusing points of inorganic com¬ 
pounds are given, showing that those of the Chlorides, 
bromides and iodides of the elements of a period fall with 
the increase of atomic weight; the period chosen being the 
second in the periodic table beginning with sodium, and 
ending with chlorine. When the haloid compounds of a 
group are examined, it is found that, generally speaking, 
the fusing points rise with an increase of atomic weight; 
this is exemplified by the compounds of the beryllium 
and nitrogen groups, but the haloids of the alkali metals 
behave irregularly. Tables iv. and v. give the melting 
points of isomeric organic compounds, in which it is 
seen that the symmetrical compounds melt at higher 
temperatures than the unsymmetrical. In the next 
table the fusing points of the para- meta- and ortho- 
compounds of benzene are compared, and it is shown 
that the para-compounds always fuse at the highest 
temperatures, whilst in the case of the sulphamides the 
ortho-compounds have the highest fusing points. More 
complex compounds are then studied, and the chapter 
contains no less than thirty-nine tables, in which the melt¬ 
ing points of allied Chemical compounds are compared. 

The fifth chapter is also by Dr. Willy Marckwald, on 
the relation between the boiling points and the com¬ 
position of Chemical compounds. This was begun in 
1897, and extends over twenty-nine pages. The chapter 
deals with organic compounds only, and contains forty- 
one tables giving the boiling points of bodies of various 
series, In some of the tables boiling points under vary- 
ing pressures both above and below that of the atmosphere 
are included. 

Chapter vi., on the relation between refraction and the 
Chemical composition of bodies, was written in 1897 by 
Dr. E. Rimbach, and consists of ninety-seven pages, the 
first twenty-three of which are devoted to generalities in 
which the different methods of determining refractive 
indices are briefly mentioned and the three formulae for 
calculating the specific refractive powers of bodies pro- 
posed by Laplace, by Dale and Gladstone, and by Lorenz 
and Lorentz are discussed, comparison being made of 
the constancy of the numbers obtained by the use of the 
different formulae under varying conditions. The follow- 
ing section is on molecular refraction and the Constitu¬ 
tion of bodies ; isomeric liquids are first considered, and 
it is shown that the differences of refractions of such 
bodies are not great unless there is a pronounced dif- 
ference in their Chemical structure ; thus those bodies in 
which double bonds are supposed to exist, have different 
refractive powers from those in which single bonds 
occur ; and it is seen that in homologous series the 
difference of CH 2 makes a nearly constant difference in 
the molecular refraction of the substance, and by sub- 
traction the value of CH 2 is obtained. Similarly the 
values of carbon, hydrogen and oxygen are calculated, 
the latter element showing different numbers according 
to the other elements with which it is combined in the 
molecule. The atomic refraction of the constituents of 
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a compound when added together should give the mole¬ 
cular refraction of the compound, but in cases in which 
the carbon atoms are doubly or trebly linked a difference 
is always found, and from these differences the values of 
multiple bonds are obtained. Cyclic compounds are next 
considered, and the effect of the three double bonds in 
the benzene ring is shown by the comparison between 
the observed and calculated molecular refractions of a 
number of benzene derivatives. The atomic refraction 
of the halogens is then studied, followed by some ob- 
servations on molecular dispersion. The next section 
is on compounds containing nitrogen, and here it is seen 
that the atomic refraction of nitrogen varies according to 
the way in which it is combined in the various substances. 
The atomic refraction of other elements such as sulphur, 
phosphorus, arsenic, antimony, Silicon, mercury, tin and 
lead are next dealt with. There is a short section on the 
refractive powers of gaseous bodies, and another on those 
of solids and of their Solutions. The concluding section 
treats of electrical molecular refraction and the relation 
between dielectric constants and the Constitution of 
bodies. 

The next chapter, on the relations between the Chemical 
nature and the spectra of elementary and compound 
bodies, was written in 1889 by Prof. Gerhard Krüss, and 
after his death in 1895, his brother, Dr. Hugo Krüss, 
wrote some additions. The chapter consists of twenty- 
five pages, and the addenda of seven. Emission spectra 
are first considered, and the relations between the wave- 
lengths of the lines in the spectra of various elements are 
shown to be the same as those between the overtones of 
a fundamental note, tables being given comparing the 
observed and calculated wave-lengths of the spectral 
lines of certain elements ; the characteristics of the 
spectra of the elements of various groups are described, 
and also the relation between the spectra of compounds 
and those of their constituents. Absorption spectra of 
inorganic compounds are briefly mentioned, whilst those 
of organic compounds are fully treated and the alterations 
of the spectra by the introduction of different radicals are 
noticed. In the additions made by Dr. H. Krüss the 
remarkable investigations of Kayser and Runge on the 
several series of lines in the emission spectrum of an 
element are dealt with, and the connection between these 
observations and the periodic law are shown. There is 
also a short discussion on the Variation of absorption 
spectra of Solutions in connection with the ionic hypo- 
thesis. We do not find any notice of Abney’s researches 
on the absorption in the infra-red part of the spectrum 
by organic bodies. 

The eighth chapter, of eighty-four pages, deals with 
the relation between the optical rotation of organic 
substances and their Chemical composition, and was 
written by the editor, Dr. H. Landolt, and finished in 
1898. For methods of measuring circular polarisation 
reference is made to Part I. The rotation of the plane 
of polarisation by crystals is briefly mentioned, and a list 
is given showing the rotation for plates 1 m.m, in thick- 
ness and also the Systems to which the crystals belong. 
The rotation by liquids follows, a list of thirty groups of 
active substances being given, and the method of finding 
I the specific molecular rotation is described. The specific 
I rotation of dissolved substances and the changes which 
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are observed in Solutions of different concentration are 
discussed at length. The second section is on the Con¬ 
nection between the optical rotation and the Chemical 
Constitution of carbon compounds, in which the original 
observations of Pasteur and the theory of the asymmetric 
carbon atom of Van ’t Hoff and Le Bel are fully described, 
a subject on which a vast amount of work has been re- 
cently done. The third section is on the relation between 
the magnitude of the rotation and Chemical Constitution, 
and accounts are given of the rotations of isomeric bodies, 
of bodies belonging to homologous series and the effect 
of multiple bonding of carbon atoms. 

The last chapter of the book is by Dr, O. Schönrock, on 
the relation between the electromagnetic rotation of solid 
and liquid bodies and their Chemical composition ; it 
extends over seventy-three pages, and was finished in 
1898. The observation made by Faraday in 1846, that 
the plane of Polarisation is rotated when the beam is 
passed through a transparent substance placed in a 
powerful magnetic field has led to valuable researches, 
principally by Perkin, on the rotation produced by 
various Chemical compounds. The mode of calculating 
the molecular magnetic rotation and the influence of 
solvents are first mentioned, and then the effects pro¬ 
duced by inorganic acids and salts and the atomic 
rotation of the elements. The periodic character of the 
magnetic rotation of some of the metals is pointed out. 
The next part deals with fatty substances, and numerous 
tables are given showing the variations which occur 
with change of composition, and the influence of the 
various radicals is calculated. 

The volume concludes with an index of twenty-three 
pages, divided into sections corresponding to the nine 
chapters of the book ; by this means the physical 
characteristics of the Chemical substances can at once 
be found. 

The whole volume has evidently been compiled with 
great care, and brings together a large amount of 
valuable Information distributed in the Transactions of 
societies and other periodicals, thus saving the investi- 
gator desiring to make use of these researches, a great 
deal of time and labour in referring to the original 
papers. It will also enable the chemist to' appreciate 
the great assistance that he may obtain from the study 
of the physical properties of compounds in his endeavours 
to ascertain their Constitution and their relation to one 
another. H. M. 


THE SCIENTIFIC STUDY OF VACC1NATION. 
Vaccination: its Natural Historv and Pathology. By 
Dr. S. M. Copeman. Pp. x + 257. (London : Mac- 
tnillan and Co., Ltd., 1899.) 

HE Milroy Lectures on the Natural History and 
Pathology of Vaccination, delivered last year 
before the Royal College of Physicians, are now at an 
opportune moment given to the public. The Vaccination 
Act of 1898 has practically abolished compulsory vac¬ 
cination. On the other hand, it aims at improving the 
administration of vaccination and at removing all ob- 
jections that can, with the least show of reason, be 
brought against it. Without in any way admitting the 
existence of adequate grounds for giving up compulsory 
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vaccination, which we look upon as a grave national 
misfortune, it must be acknowledged that Opposition to 
the compulsory law has been in a measure based upon 
administrative defects. To do away with that Opposition 
the first thing wanted is much greater care in the methods 
employed. Illness and death from vaccination ought to 
be as rare here as in Germany. To .attain this end tw© 
things mainly are wanted : a scientific study of the 
quality of the lymph used, and a rigid and minute ad- 
herence to antiseptic principles on the part of the 
vaccinator. A lymph which is pure, in a bacteriologica -1 
sense, and aseptic conditions from first to last, as regards 
the wounds made, ought to do away with all vacccination 
accidents. 

Dr. Copeman’s book deals mainly with the first of these 
subjects. In the early chapters he reviews the history 
of vaccination, of various lymph Stocks, and of the 
relationship between variola and vaccinia. He relates 
the experiments made from 1801 to the present time, to 
prove experimentally the truth of Jenneris original thesis 
that vaccinia is small-pox, of the cow. The experiments 
detailed are those of Gassner (1801), Viborg (1807), 
Thiele (1836 and 1838), Ceely (1839), Badcock (1840), 
Adams and Putnam (1852), Simpson (1885 and 1892), 
Fischer (1886 and 1890), King (1889), Hirne (1892), 
Haccius and Eternod (1893), and Klein (1892). All 
these observers succeeded in inoculating human small- 
pox into a cow or calf, and in developing cow-pox as the 
result. Dr. Copeman’s own experiments date from 1892. 
He was successful in one out of four attempts. The 
transformation of small-pox into cow-pox seemed in most 
of the successful experiments to require a series of 
inoculations from one cow or calf to another, and not to 
be an immediate result on first inoculating the con- 
tagium into its new conditions. It, was probably from 
not knowing this fact that Chauveau, in 1865, and 
Martin, of Boston, in 1860, reproduced human small-pox 
by vaccinating from cows who had been the subjects of 
variolous inoculation. The variolous poison had, in 
these cases, not had the time required for its trans¬ 
formation into vaccinia. There remains, however, much 
still to learn as to the conditions under which the change 
from variola to vaccinia is accömplished. 

With regard to the bacteriology of vaccine lymph, a 
subject on which much laborious investigation has been 
expended, Dr. Copeman comes to the conclusion that 
from lymph taken from matured vesicles “ inoculation 
of plates or tubes of nutrient material usually result in 
abundant growths of micro-organisms.” Dr. Copeman 
succeeded, however, in growing the small-pox contagion 
as a pure culture, by using hen’s eggs as the culture 
medium. “For the purpose of such inoculations I ern- 
ployed variolous crusts. . . . These crusts were rubbed 
up in a small glass mortar with a minimal quantity of 
water . . . and the inoculation was carried out. Finally 
the small hole in the egg was closed up.” The eggs 
so inoculated were kept in the incubator for a month, 
and calves were then inoculated with the egg culture, 
and after being passed through a series of calves the 
resulting lymph was successfully used for the vaccination 
of children. Drs. Copeman and Blaxall have since 
obtained pure cultures of “the same organism on'the 
surface of agar plates, and this not only when vaccine 



© 1899 Nature Publishing Group 






